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Mercury compounds pollute many aquatic habitats and are
extremely toxic to aquatic organisms. In fish, mercury
accumulates as methyl mercury, which is taken up from
food, and especially from the water (Jernelov and Lann
1971). Acute toxicity of waterborne methyl mercury has
been studied in several teleost species (Matida et al.
1971; Roales and Perlmutter 1974; Wobeser 1975; McKim
et al. 1976; Lock et al. 1981; Sharp and Neff 1982).
Lampreys are taxonomically distant from teleosts and we
utilize them for comparative toxicological purposes.
Landlocked sea lampreys, Petromyzon marinus, inhabit
the Great Lakes region, and their larvae (ammocoetes)
burrow in stream sediments. In this study, we report
toxicity curves for ammocoetes exposed acutely to
methyl mercuric chloride solutions. Susceptibility was
related to temperature and animal size.

MATERIALS AND METHODS

About two hundred larvae, 1-3 years old, were collected
from streams in Northern Michigan by crews of the
Marquette Biological Station of the U.S. Fish and
Wildlife Service. The animalg were shipped directly to
our laboratory and held at 12° for 1-6 months before
use in toxicity tests. They were fed yeast suspensions.

Test animals ranged from 5-12.5 cm in length and from
0.3-3.0 g in weight, with a weight-length relation of
W=2.7 x 1073 L-2-7(r = ;98)- A gondition factor (CF)
measured thinness: W x L=2-94 x 10°, Only non-
emaciated larvae with CF>Z30 were used in this study,
and 80% of the larvae had CF>350 . This matched the
condition of the animals as received from the wild.

Dechlorinated tap water was used for holding animals
and for toxicant exposure. Water chemistry parameters
were: pH 8.0-8.5; total hardness 145 mg CaCO3/L;
alkalinity 150 mg CaCO/L; sodium 23 mg/L;
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copper <1 ug/L; ammonia 0.0l mg N/L; nitrates 0.03 mg
N\L; nitrites 0.0l mg N/L; total phosphorus 0.035 mg/L;
specific conductance 320 uM/cm. The water was
dechlorinated by vigorous aeration for 50 to 72 hours.

Toxicant was administered with an Ace Flow-Thru
Bioassay Diluter SystemR (Ace Glass, Vineland, New
Jersey). The system was set up to deliver six toxicant
concentrations, with each concentration about 60% as
great as the previous, to a series of seven glass 3.5 L
exposure vessels (no replicates). The seventh
(control) vessel received pure water. Solution in each
vessel was renewed at a rate of 33-43% per hour, so 90%
replacement occurred every six hours or less.

Methyl mercury chloride was added to the diluter from
an aqueous stock solution (3-4 g Hg/L). Methyl mercury
concentration in test water was measured as ung Hg/L by
the cold vapor atomic absorption method (APHA 1975:
Perkin-Elmer Atomic Absorption spectrophotometer) after
the water samples had been acidified <pH 2 with nitric
acid. HgCl2 solutions were used as standards.

Four toxicity tests were performed, sequentially not

simultaneously, yiglding toxicant concentrations 1%sted
inoTable 1. The 127 test was replicated, but the 4~ and
20" tests were not, due to a limited supply of animals.

Table 1. Exposure conditions

Temp. Toxicant Conc.(ug Hg/L) S.D. Exposure
4° c. 214,113,82,62,30,0.32 6% 9 days
12° ¢ 104,48,29,17,9,2.5,0.2° 20% 14 days
(fgrst) a

127 C 166,88,52,32,18,3.2,0.2 6% 12 days
(sgcond) a

20 118,90,56,34,18,0.3 8% 10 days

4 jowest concentration represents control vessels.
mean standard deviation of Hg conc. in the vessels

Larvae to be used in 4° and 20° tests were acclimated
gradually to these temperatures (1° per day) and then
held twenty more days before geing exposed to toxicant.
Temperature never varied >0.5  from the desired.

Eighty hours before each test, larvae were moved to the
room containing the exposure apparatus and placed in
acclimation tanks, with sand substrate. Feeding was
halted 24 hours before toxicant exposure, sufficient
time for the gut to empty (Mallatt, unpublished).
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The tests began as animals were thrust into toxicant
solutions, concentrations of which had been allowed to
stabilize. Animals were assigned randomly to test
vessels. For each 12~ test, there were ten larvae per
vessel. At 47 and 20, seven larvae occupied each
vessel. Total fish biomass was below 0.3 g per liter
of solution passing through the vessels per day.
Artificial substrate for burrowing (EPA 1975) was a
layer of small pieces of TygonR tubing (200 ml),
overlain by a 0.1 m?2 piece of fiber glass screen.
Except for brief periods of checking for mortality,
lights remained off during exposures, as ammocoetes are
calmed by darkness. Mortality (no response to gentle
prodding) was assessed thrice daily, or more often as
needed. Dead animals were removed and measured.

Water quality was monitored in the test vessels at 2-3
day intervals throughout the exposure period: Oxygen
was always >70% saturated; pH stayed at 8.3-8.5;
ammonia and nitrite remained undetectable, i.e., below
1 and 0.1 mg N/L, respectively. Mercury levels were
measured in all vessels on the first and second day of
exposure, then every two to three days thereafter.
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Figure 1. Toxicity curves for lamprey larvae exposed to
methyl mercury at three different temperatures

(4,12,20o C), with test replicated at 120. Curves were
fit to points by eye.
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LC50 values were calculated by probit analysis. Also
explored was the relationship between order of death
and animal length; here, mortality data for all test
vessels were pooled for each temperature and evaluated
with a Spearman rank correlation test. Calculations
used the SAS computer program (SAS Institute 1982).

RESULTS AND DISCUSSION

Ammocoetes exposed to methyl mercury above 10 ug/L
seemed slightly narcotized. Some exhibited spontaneous
bouts of spastic swimming when near death. No control
animal died in any of the four toxicity tests.

Figure 1 shows the toxicity curves for methyl mercury
exposure at 4, 12, and 20 Table 2 summarizes LC50
values obtained in the tests.

Table 3 shows results of the rank correlation test.

In three of the four toxicity tests, there was no
relation between animal size and order of death; a
relation was suggested in one test, however (flrst 12°
test). Noting the exception, we interpret the data as
demonstrating no clear association between animal size
and susceptibility to methyl mercury.

Table 3. Spearman test for correlation (rs) between
animal size rank and order of death. A P-Value of
>0.05 implies no relation.

average
Temperature ry P weight,g. #dead
4° 0.15 0.38 0.75+0.4 SD 34
12° (1) -0.50 0.01 0.73+0.4 SD 29
129 (#2) 0.07 0.65 0.70+0.3 SD 40
20° 0.10 0.55 0.7540.4 SD 33

Due to a seasonal unavailability of lampreys, we were
limited to only 7-10 animals per exposure vessel in
this study. Despite this suboptimal sample size, the
variability of our results was not excessive, except in
the first 12° exposure. There, some LC50 values had
large confidence intervals (Table 2); we suspect,
however, that this uncertainty resulted less from low
animal number than from the considerable fluctuation of
mercury level during this test (average standard
deviation of 20%: Table 1). Despite any oddities in
the first 12° test, the toxicity curves for the two 12°
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tests do not differ much: their 95% confidence
intervals overlap for all LC50 values (Table 2).

OQur results indicate the susceptibility of ammocoetes
to methyl mercury increases with temperature (Figure
1). Rehwoldt et al. (1972) noted the same in teleosts
exposed to HgCl,, as did Heit and Fingerman (1977) in
crayfish. The reason for the temperature dependency of
mercury toxicity is not known, although Reinert et al.
(1974) found methyl mercury uptake rate from water to
increase modestly with temperature in Salmo gairdneri.

While temperature influences methyl mercury toxicity to
lampreys at high toxicant concentrations, the incipient
lethal concentration (ILC: maximum concentration
producing no acute mortality) may be a constant,
unaffected by temperature. At the right side of Figure
1, all the toxicity curves seem to converge
asymptotically toward a single mercury concentration.
This ILC cannot be estimated precisely from the graph,
but we have additional evidence plaging it close to 10
u g Hg/L: 1In a separate test at 120, we exposed eleven
ammocoetes to methyl mercury at 10 ug Hg/L for 21
days, and obtained just one death in that period.
Likewise, at 20, we have evidence that the toxicity
curve levels off around 10 wg Hg/L: Three larvae were
held in a methyl mercury solution of 8 ug Hg/L for
eight days, without mortality. Sprague (1985)
concluded temperature tends not to affect incipient
lethal concentrations of most toxicants to fish. This
is consistent with our findings.

Our study revealed no relationship between ammocoete
size and susceptibility to methyl mercury (Table 3).
Perhaps such a relationship would emerge if a wider
range of sizes were used, including ammocoetes younger
than one year. Studies suggesting that methyl mercury
toxicity to aquatic animals varies with animal size (or
age) include: Wobeser (1975), McKim et al.(1976), and
Heit and Fingerman (1977).

How do ammococetes compare to teleosts in susceptibility
to methyl mercury? Past studies used many different
temperatures and water conditions, so results are
difficult to compare. Even so, data of Table 4 suggest
different fish are quite uniform in susceptibility to
methyl mercury--and lampreys are not atypical in their
susceptibility. The methyl mercury LC50 for 24 hours
is higher in lampreys than in any other fish for which
this value is known. Perhaps this relates to the
exceptionally low metabolic rates of ammocoetes (Lewis,
1980), which might slow the rate at which uptaken
mercury can disrupt physiological processes.
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Table 4. Summary of LC50 values (ug Hg/L) for various
fish exposed to waterborne methyl mercury.

Study 24 h 48 h 96 h

Present study
Petromyzon marinus >166 88 48
12 °c, 0.3-3 g fish
hardness: 146 mg CaCo3/L

Matida et al. (1971)
Salmo gairdneri 52 37 31
17 °c, 5 g fish

Wobeser (1975)
S. gairdneri fry 84 45 24
S. %airdneri fingerlings 125 66 42
10 , up to 3 g fish
hardness: 100 mg CaCo3/L

Lock et al. (1981)
S. gairdneri - - 24
12 °C, 18-23g fish

McKim et al. (1976)
Salvelinus fontinalis
12 °C, 120 g fish - - 65
12 °c, 12 g fish - - 84
hardness: 45 mg CaCo3/L

Roales and Perlmutter (1974)
Trichogaster trichopterus 123
27 °Cc, 2 g fish

90

Sharp and Neff (1982)
Fundulus heteroclitus - - 50~-100+
25 °C, embryos; NOTE: Brackish water

dunclear if concentrations were presented as Hg or as
methyl-Hg.
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